ABSTRAK
Surgical site infection (SSI) is the third most frequently reported nosocomial infection, accounting for 14% to 16% of all nosocomial infections among hospitalized patients as reported by The Centers for Disease Control and Prevention (CDC). Despite the advances in infection control practices such as improved operating room ventilation, sterilization methods, barriers, surgical technique, and availability of antimicrobial prophylaxis, SSI remains substantial problems to surgeons and patients as it increases the morbidity, mortality, length of stay, hospital cost, rate of re-admission, and rate of re-surgery. 1, 2 The selection of antiseptic skin solution prior to the surgery is an important step to prevent surgical site infections. Povidone-iodine (PVI) has a broad-spectrum antimicrobial activity against gram-positive and gram-negative bacteria, viruses, fungi, and protozoa. Its low-price and its broad-spectrum antimicrobial activity of this preparation made this solution remain the most widely used antiseptics. However, several studies indicated fibroblast and keratinocyte cytotoxicity, as well as delayed in collagen maturation and in epithelization by the use of PVI and thus, impaired wound healing. 3 The use of PVI in a large open wound also contraindicated because PVI could induce systemic toxicity; therefore, special caution was needed when this agent used for patients with preexisting thyroid and renal disease. 4, 5 Based on literature, PVI has been shown to be inactivated by blood and protein serum, and it has been associated with skin staining and irritation. 1 Moreover, it needs an average three minutes drying time for optimal function. 6 On the other hand, chlorhexidine has a board spectrum bactericidal effect by disrupting the cell membrane potential, causing imbalance of osmotic equilibrium, and leading to cell death. 7 Some studies highlight its rapid onset in certain bacteria with maximum effect within 20 seconds against S. aureus, E. coli, and yeast. The antibacterial effect could last up to 48 hours on the skin. 8 In topical application, chlorhexidine shows the ability to bind the proteins in human tissue (skin and mucous membranes) with limited systemic and bodily absorptions, and not affected by the presence of body fluids such as blood. 9, 10 However, it should be noted that chlorhexidine is not sporicidal, and mycobacteria are highly resistant. 10 Moreover, as chlorhexidine has no colour, it is difficult to identify on the patient's skin after application. Its high-price compared to PVI also caused the potential disadvantage of this preparation. Its alcohol content, futhermore, made the preparation of chlorhexidine-alcohol became highly flammable although there was a very rare case documenting such hazards in the operating theatre. 11 To prevent such events, a precaution should be carried out such as three minutes waiting time for the solution to evaporate and wiping the skin with a cotton swab before draping the surgical site. Nevertheless, low rate of skin irritation and its effective interaction with non-sporulating bacterial made this preparation promising to use. 6 The CDC already recommends the use of >0.5% concentration of chlorhexidinebased preparation for cleansing vascular catheter site of insertion. Chlorhexidine-alcohol is a newly introduced antiseptic preparation in health care facility in Indonesia. Thus, it provides alternative for healthcare practitioner to choose despite the commonly use antiseptic (povidone iodine).
A meta-analysis study was conducted to examine whether povidone-iodine or chlorhexidine is a preferred skin antiseptic before a surgery in order to reduce the rate of surgical site infection.
METHODS
The meta-analysis was conducted through the PubMed database on November 2015. The search was done using Endnote X7 with keywords: "chlorhexidine" or "chlorhexidine-alcohol" and "povidone-iodine" or "iodophor" and "surgery" and "skin disinfectant". All the studies were screened by the title and the abstract, retrieved potentially relevant articles in full text, and assessed them for the inclusion criteria. Inclusion criteria for this study include: (1) randomized controlled trials (RCTs) with year of publication up to November 2015; (2) english literature; (3) the studies compared between preoperative chlorhexidine-isoprophylalcohol (CHX-IPA) (any concentrations) and PVI (any concentrations); (4) patient aged of 18-year old or above; (5) assessed the outcome of surgical site infections (SSIs); (6) any clean, clean contaminated, and contaminated surgical procedures. Studies evaluating chlorhexidine shower, bath, or oral rinse for pre-surgery antisepsis were excluded, and so did those evaluating chlorhexidine preparation without adding or containing the isoprophyl-alcohol. In addition, studies evaluating the preparations that have another mixture added to the povidone-iodine (such as iodine with mixture of any concentration of alcohol) were also excluded from the meta-analysis.
The quality of each study was evaluated using the Jadad score. It calculates the score of the following items for evaluating RCT: randomization, double blind, and dropouts. The total score ranges from 0 to maximum of 5. 16 The primary outcome for the meta-analysis is the present of surgical site infection. Moreoever, the secondary outcome is the present of positive cultures after the application of skin antisepsis. Data were entered and analyzed in Microsoft Excel spreadsheet and RevMan version 5.3. A meta-analysis was conducted to obtain a pooled estimation of the effect size, which was reported as risk ratio (RR) using fixed effect model, with a 95% confidence interval (CI). Heterogeneity was assessed using the I 2 test (≥50% was considered substantial heterogeneity) and c 2 test (p≤0.10 was considered significant heterogeneity). 17 The publication bias was assessed by visual inspection of the funnel plots. 18 All statistical analysis of the result were performed by the RevMan version 5.3 (Nordic Cochrane Centre).
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RESULTS
Of 881 studies identified for title and abstract screening, 19 articles underwent the full text reviews, and only six RCTs were included in our final analysis (Figure 1 ). The quality of the RCT was evaluated using the Jadad Score giving a varying score of one to three point. None of the studies showed the Jadad Score above of three point ( Table 1) .
The six trials included in this study had a total of 2,080 patients. 13, [20] [21] [22] [23] [24] Two trials reported on patients who had a clean surgery, 20, 21 three trials included patients underwent clean contaminated surgery, 13, 22, 23 and one trial on mixed surgery patients (clean, clean contaminated, and contaminated surgery) as shown in Table 2 . 24 The experiment group used chlorhexidine scrub and/or paint in varying concentrations (from 0.5% to 4%) with a mixture or addition of 70% isoprophyl-alcohol. The comparison group used povidone-iodine scrub and/or paint with varying concentrations (0.7% to 10%). One study reported a positive skin culture for multiple sampling sites (axilla 
Surgical site infection
Three trials reported significant decreases in SSIs with Chlorhexidine and Isoprophyl Alcohol compared to PVI. 13, [21] [22] [23] [24] One trial showed nonsignificant decreases in the number of SSIs with chlorhexidine use, 22 one trial found out nonsignificant increases in the number of SSIs with chlorhexidine use, 23 and one trial reported no SSIs in either study groups. 20 All six studies reported the post-operative SSI rates. The SSI occurred in 63 out of 1,009 (6.24%) patients who received CHX-IPA and 117 out of 1,071 (10.92%) patients received PVI as skin antisepsis before surgery. The meta-analysis showed that CHX-IPA significantly decreased the risk for SSI, compared to the use of PVI (pooled RR=0.60 (95% CI=0.45-0.79) (Figure 2) . No significant study of heterogeneity was found (I 2 =0%; x 2 test, p=0.776). Furthermore, no evidence of publication bias was found from a visual inspection of funnel plots (Figure 3 ).
Positive cultures after skin antisepsis
Two trials reported significant reduced positive culture results after the use of CHX-IPA as a preoperation skin antisepsis compared with the use of PVI. 23, 24 One trial reported insignificant reduction of positive cultures in the number of positive cultures when CHX-IPA was used compared with the use of PVI. 20 The meta-analysis of the three studies showed that the use of CHX-IPA significantly decreased 
DISCUSSION
This meta-analysis showed superior result to the use of chlorhexidine in combination with isoprophyl-alcohol for antisepsis solution before surgery compared to the use of povidone-iodine in reducing the number of surgical site infection and the positive skin culture after application.
There was a 40% reduction in the risk of SSIs among patients received preoperative skin antisepsis of chlorhexidine compared to those who received povidone-iodine. This estimated number is similar in all of the studies, except three studies that had different estimation points from the pooled estimation. [20] [21] [22] [23] However, these studies only weighted less than 5% of the total studies, and had only a few events (total of 7 from 180 cumulative SSIs). Another review from Lee, et al 25 also stated that chlorhexidine application as a skin antisepsis gave a reduction of 36% in the risk of SSIs compared to PVI. Meanwhile, a study from Noorani et al 14 showed a slightly similar result from this study, which was a reduction of 42% in the risk of SSIs when using chlorhexidine as a presurgical antisepsis compared to PVI. However, Noorani et al 14 also stated that there was no clear benefit in the favor This study also supports the use of chlorhexidine for pre-surgical skin antisepsis. It shows that the use of chlorhexidine can reduce positive culture after skin antisepsis by 62%. This estimated number is similar in all of the included studies. Another meta-analysis also provides a slightly different rate of 56% reduction in positive skin culture results after skin preparation compared with PVI. 25 Nevertheless, there were several limitations in this study. First, we found only six relevant studies. More relevant studies might be found if other sources such as other database (e.g.: excerpta medica database (EMBASE), Cochrane database of systematic review, cumulative index to nursing and allied health literature (CINAHL), etc.), conference proceedings, books, unpublished literature, and literature other than English language were included. Second, there were two studies that contributed more than 60% of the patients included in the meta-analysis. 13, 24 However, through the I 2 and x 2 test conducted, we found no evidence of significant heterogeneity in this meta-analysis, though the secondary outcome had borderline heterogeneity (I 2 =46%). Third, although the author had limited the number of studies that used chlorhexidine with mixture or addition of isoprophyl-alcohol, there were still different concentrations of chlorhexidine used in this study. Three trials used 2%, 13, 20, 23 two trials March 2017 used 0.5%, 21, 22 and another one trial used 4%. 24 However, this study follows the CDC guideline which suggests that any concentration of chlorhexidine greater than 0.5% with alcohol can be used as a skin antiseptic before the insertion of intravascular catheter to decrease contamination.
Another meta-analysis with specific concentration of chlorhexidine was needed to determine which concentration of chlorhexidine was preferred to reduce the surgical site infection. Fourth, in this study the type of surgery was varied from clean to clean-contaminated surgery with different types of specializations (Table 2 ). Further study in specific field of surgery and type of surgery is recommended.
This meta-analysis showed a superior result in chlorhexidine-isoprophylalcohol preparation as skin antisepsis. The high cost and the availability of this preparation became potential drawbacks to Indonesian surgeons. A study on cost-benefit model comparing the economic value of using chlorhexidine compared to PVI concludes that although chlorhexidine is more costly than iodine, the dramatic reduction of SSIs will likely result in greater overall cost savings with chlorhexidine use. 25 
